Pedunculated hepatocellular carcinoma (P-HCC) is rare type of HCC. The study aimed to evaluate the clinical features and outcomes of unresectable P-HCC treated with transcatheter arterial chemoembolization (TACE) and percutaneous chemotherapeutic agents lipiodol emulsion (CALE) injection. The clinical features and outcomes of 25 patients with unresectable P-HCC treated with TACE plus percutaneous CALE injection were retrospectively reviewed, and factors associated with outcomes were analyzed. Comparison with nonpedunculated unresectable HCC was also performed. Patients underwent a median of 4 TACE sessions and received a median of 2 percutaneous CALE injections. The 1-, 2-, 3-, and 5-year actuarial survival rates were 78.9%, 52.6%, 42.1%, and 12.0%, respectively, for patients with P-HCC, and median survival was 27 months (95% confidence interval, 22.6-43.2 months). Patients with P-HCC had better overall survival than those with nonpedunculated HCC (NP-HCC) (P = .002). Vascular invasion and abdominal lymph node metastasis were poor prognostic factors for overall survival in patients with P-HCC. TACE plus percutaneous CALE injection is a safe and effective treatment for unresectable P-HCC. Patients with unresectable P-HCC might have better overall survival than those with NP-HCC after TACE plus percutaneous CALE injection. However, their prognosis remains poor.
Introduction
Pedunculated hepatocellular carcinoma (P-HCC) is rare type of HCC, first described by Roux [1] in 1897. P-HCC is defined as carcinoma protruding from the liver, with or without pedicle, and with low risk of liver invasion. [2] In 1983, Horie et al [3] reported that in Japan, only 0.24% to 3.00% of all HCCs were P-HCC, and to our knowledge, not more than 200 cases have been reported in the literature. [4] [5] [6] Most cases of P-HCC are treated surgically with higher operability rates and better survival than nonpedunculated (NP) HCC (NP-HCC), thanks to its unique growth pattern, tumor capsule formation, and lower level of vascular invasion. [4] [5] [6] However, up to 39.4% of P-HCC patients cannot be treated surgically. [7] Therefore, palliative treatments may play a central role in the treatment of unresectable P-HCC. Such treatments include transcatheter arterial chemoembolization (TACE), transcatheter arterial infusion (TAI), and oral sorafenib. [8] TACE is the most widely used locoregional therapy for patients with intermediate HCC, who cannot be treated surgically. [9] [10] [11] Moreover, a combination of TACE with local ablation has often been used to improve locoregional therapy for patients with unresectable HCC. [12] [13] [14] [15] Whether TACE in combination with local ablation achieve more favorable prognoses for P-HCC than NP unresectable HCC has not yet been reported.
The aim of the present study was to retrospectively evaluate the clinical features and outcomes of 25 unresectable P-HCC cases treated with TACE plus percutaneous chemotherapeutic agents lipiodol emulsion (CALE) injection. We have previously demonstrated that percutaneous intratumoral injection with CALE can effectively induce necrosis of implanted VX2 tumors in rabbits, [16] and also reported its feasibility and efficacy in local ablation of sacral chordoma and conventional unresectable HCC. [17, 18] 2. Materials and methods
Ethics statement
All examinations and treatments were performed in accordance with the Declaration of Helsinki, and were approved by the Ethics Committee of our hospital. Written informed consent was obtained from all patients to perform a retrospective study of prospectively collected data.
Patients
From 2003 to 2014, 31 patients, with histologically proven P-HCC out of a total of 832 patients with HCC, were treated in the Department of Interventional Radiology. Among them, 25 P-HCC patients, who were treated with TACE plus percutaneous CALE injection and had completed follow-up records, were included in this study. The remaining 6 patients were excluded from the study because they only underwent TACE and their records were incomplete. Tumors were defined as unresectable if they were extensive, exhibiting major vascular invasion, or were associated with symptoms that precluded surgical resection. The inclusion criteria for the study were as follows: age ≥18 years; Karnofsky performance score (KPS) ≥80; an initial diagnosis of primary HCC based on biopsy and/or imaging techniques; hepatic function by Child-Pugh classification A and B; unresectable tumor status; and a leukocyte count ≥3000/mL, absolute neutrophil count ≥1500/ mL, hemoglobin level ≥90 g/L, platelets ≥80 Â 10 9 /L, aspartate and alanine aminotransferase levels <2.5 times the upper normal limit, bilirubin levels <2 times the upper normal limit, and a prothrombin time-international normalized ratio <1.5 in patients not taking oral anticoagulants. Exclusion criteria were: KPS of <80, hepatic function by Child-Pugh classification C, vascular tumor thrombus, extrahepatic metastases (not including regional lymph node involvement), and other previous treatments for tumor. Sixty patients with NP unresectable HCC treated during the same time window with TACE plus percutaneous CALE injection were enrolled as a control (NP-HCC group). The demographics, symptomatology, physical examination, laboratory data, associated cirrhosis, Child-Pugh classification, a-fetoprotein (AFP) levels, tumor size, tumor-node-metastasis (TNM) stages, vascular invasion, number of procedures, and long-term survival of each group were compared. Overall actuarial survival for the patients in the P-HCC group were compared, and stratified by Child-Pugh classification, tumor size >5 cm, vascular invasion, abdominal lymph node metastasis, intrahepatic metastasis, invasion of surrounding organs, and liver cirrhosis.
TACE procedure
TACE was performed using the Seldinger technique followed by arterial embolization. After introducing a 4F or 5F catheter through the femoral artery, hepatic arteriography and superior mesenteric arteriography were initially performed to localize the tumors and evaluate portal vein flow. When portal vein flow was adequate, a microcatheter was placed in the arteries that fed the HCC. An emulsion, consisting of 30 to 50 mg epirubicin (Pharmorubicin; Pfizer, Rome, Italy), 50 to 150 mg oxaliplatin (Eloxatin; Sanofi-Aventis, Paris, France), 5 to 20 mg mitomycin (Mitomycin-C; Kyowa Hakko Kogyo Co., Ltd, Tokyo, Japan), 6 to 20 mL lipiodol (LP; Laboratoire Guerbet, Villepinte, France), and appropriate doses of contrast medium (Iopamilon 300; Schering, Berlin, Germany) (contrast medium:LP = 1:1), was injected into the segmental artery supplying blood to the tumor, followed by embolization with 1-mm-diameter gelatin sponge particles (Gelfoam; Pfizer, Tokyo, Japan) until arterial flow stasis was achieved. [9] [10] [11] After embolization, angiography was performed again to determine the extent of vascular occlusion and to assess blood flow in other arterial vessels. [9] 2.4. Percutaneous CALE injection procedure Within 2 months after TACE, percutaneous CALE injection was performed, under C-arm fluoroscopy (Axiom-Artis-dTA Angiographic System; Siemens Medical Systems, Erlangen, Germany) or computed tomography (CT) guidance, to provide local ablation and supplementary therapy. Criteria for CALE treatment were: CT scan or fluoroscopy revealed defects of LP in tumor lesions, angiography during the TACE procedure suggested that the blood supply was complicated, and injection of CALE could not be administered completely using an arterial approach. [18] Technically, the puncture approach used was determined by preoperative CT or magnetic resonance imaging (MRI) images. The procedure was performed using a 15 cm, 21-ga needle with a closed conical tip, and 3 terminal side holes (Hakko, Tokyo, Japan). After local anesthesia (5 mL of 2% lidocaine), the needle was introduced into the target area (defined as the area with LP defects in the tumor) under C-arm fluoroscopy or CT guidance. If the needle tip was confirmed in the target area, percutaneous injection with CALE was performed. The amount of emulsion was maintained at less than 40 mL per session to avoid liver failure and myelosuppression, and was also evaluated and controlled by realtime fluoroscopy or CT monitoring during the injection. CALE was manually injected slowly under simultaneous fluoroscopy or immediate CT scan until venous drainage was achieved. Then, the needle was retracted by 1 to 2 cm, or the direction of the needle was adjusted. After the needle tip was confirmed to remain within in the target area, injection with CALE was continued until the CALE was distributed throughout the tumor. [18] If the target area was too large to be ablated in 1 session, an additional injection was performed 5 to 7 days later, when liver function permitted, with Child-Pugh classification A or B.
Postoperative management
After the procedure, the entry point of the skin was closely monitored for femoral artery hemorrhage and hematoma for 48 hours. Vital signs were monitored in all patients. Parameters including body temperature, adverse drug reactions, and evidence of embolism syndrome were monitored, and if present and severe, patients were treated with appropriate medications.
Follow-up
Follow-up examination with CT or MRI was carried out at 1, 3, and 6 months and 1 year after the procedure, and every 6 months thereafter. In addition, positron emission tomography with CT scan was also used to assess the therapeutic outcome where 
Statistical analysis
All data are presented as the percent of patients or the mean± SD. Data were compared by independent 2-sample Student t tests and Pearson chi-square tests as appropriate. Survival was calculated by construction of Kaplan-Meier plots and compared by log-rank test. A Cox proportional hazards regression model was used to assess the prognostic factors for overall survival in patients with P-HCC. Meanwhile, variables included in the multiple Cox regression analysis were from the results of univariate analysis (P< .1). All statistical analyses were performed using SPSS version 17.0 (Shantou, Guangdong, PR China). We considered P< .05 as significant.
Results

Demographics
The P-HCC group included 23 men and 2 women with a mean age of 50.3 ± 12.3 years (range, 19-70 years), and the NP-HCC group included 56 men and 5 women with a mean age of 48.0 ± 13.8 years (range, 17-71 years). The demographic characteristics of these groups did not differ significantly (Table 1) .
Symptomatology, physical findings, hepatitis status, associated liver conditions
The clinical presentations and physical characteristics of each group were similar ( Table 1 ). The hepatitis B surface antigen (HBsAg) status of 85 patients was recorded, and 80 were HBsAg positive (94.1%). The percentage of patients with liver cirrhosis, and patient Child-Pugh classification also did not differ significantly between these 2 groups (Table 1) .
Laboratory data
The biochemical characteristics, AFP, and liver function of patients in each group 1 day before treatment did not differ significantly (Table 2) .
Imaging findings, procedures, and treatments for distant metastasis
A similar fraction of patients in each group were categorized as TNM II and stage III, 56.0% and 44% in P-HCC group, respectively, and 65.0% and 35.0% in NP-HCC group, respectively (P > .05). Patients in the P-HCC group had larger tumors, and more tumors of size >5 cm than patients in the NP-HCC group (both P < .05). Furthermore, the liver tumors in P-HCC patients (36.0%) exhibited less vascular invasion than those in the NP-HCC group (68.3%, P < .05; Table 3 ). TACE plus percutaneous CALE injection was performed in all patients (Figs. 1-5 ). In the P-HCC group, the median number of treatments was 4 TACE sessions (range, 2-9) and 2 percutaneous CALE injection sessions (range, 1-3). For the NP-HCC group, AFP = a-fetoprotein, ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BUN = blood urea nitrogen, CEA = carcinoembryonic antigen, INR = international normalized ratio, WBC = white blood cell count. Table 3 ). The median number of TACE treatments in the P-HCC group exceeded that in the NP-HCC group, but the median number of percutaneous CALE injections did not differ significantly between these 2 groups. Thirty-one cases had distant metastasis, primarily pulmonary metastasis, adrenal metastasis, and bone metastasis (9 cases in the P-HCC group and 22 cases in the NP-HCC group). All patients with metastatic disease received corresponding treatments, such as systemic chemotherapy, TAI, TACE, and isotope therapy.
Long-term survival and complications
All 85 patients received repeated TACE and percutaneous injections and were closely monitored at regular intervals until Table 4 ). The limited number of patients in the P-HCC group were stratified by Child-Pugh classification, tumor size >5 cm, vascular invasion, abdominal lymph node metastasis, intrahepatic metastasis, invasion of surrounding organs, and liver cirrhosis, and comparison of overall actuarial survival of these groups revealed that vascular invasion, abdominal lymph node metastasis, intrahepatic metastasis, and invasion of surrounding organs were predictors of poor overall survival (P < .05) ( Table 5) . However, multivariate analysis revealed that only vascular invasion and abdominal lymph node metastasis were independent predictors of survival for unresectable P-HCC (Table 6 ). Common adverse effects of TACE and percutaneous CALE injection were fever, pain, vomiting, and increased serum alanine aminotransferase or aspartate aminotransferase levels. No serious complications were observed after TACE and percutaneous CALE injection treatment. Minor complications subsided after symptomatic therapy. After treatment, all complications were alleviated and resolved.
Discussion
P-HCC is primarily treated with surgical resection because, in comparison NP-HCC, a wider resection margin can be obtained, and the relatively high rate of capsule formation around the tumor limits vascular invasion. [6] Early stage P-HCC is often asymptomatic and rapid tumor growth is accompanied by intrahepatic metastasis and invasion of neighboring visceral organs. [19] Therefore, a diagnosis of up to 39.4% of P-HCC patients cannot be treated surgically. [7] If the patients can tolerate the procedure, TACE is the first option for the treatment of unresectable HCC including intermediate and advanced stages. [9] [10] [11] 20] In this study, P-HCC was also found to have a rich blood supply. Thus, TACE should be also used as the primary treatment for patients with unresectable P-HCC if liver function permits. As P-HCC is a hypervascular tumor, embolization of the feeding artery may cause ischemic necrosis of tumor tissue and create a window for subsequent local ablative therapies. Moreover, with TACE, intrahepatic lesions that cannot be localized via conventional imaging techniques can be treated and marked (by the LP deposition) for further monitoring and treatment after TACE. [21] However, TACE treatment has obvious limitations for tumor control. [22] On one hand, the blood supply of P-HCC is rather complicated and arises not only from hepatic arteries, but also from parasitic blood vessels. [3] The anatomical features of these parasitic blood vessels make super-selective catheterization and embolization of every feeding artery practically impossible, even using a microcatheter. On the other hand, P-HCC tumor lesions share feeding arteries with neighboring organs, limiting application of arterial injection with CALE and embolization, and leading to poor or even no CALE deposition in the tumor. Therefore, TACE alone cannot achieve complete tumor necrosis, Figure 6 . Overall survival rate of 25 patients with unresectable pedunculated hepatocellular carcinoma (P-HCC) versus 60 patients with unresectable nonpedunculated hepatocellular carcinoma (NP-HCC). P-HCC group overall survival compared to that in the NP-HCC group after treatment with transcatheter arterial chemoembolization plus percutaneous chemotherapeutic agents lipiodol emulsion injection (log-rank P = .002). Figure 5 . A 64-year-old man underwent transcatheter arterial chemoembolization (TACE) plus percutaneous chemotherapeutic agents lipiodol emulsion (CALE) injection, and percutaneous injections were performed under fluoroscopic guidance. (A) A radiograph obtained immediately when injection of CALE could not be administered completely using an arterial approach during the TACE procedure, revealing CALE defects in the tumor lesion. (B) Ultimately, CALE was distributed throughout and deposited well within the entire tumor after additional percutaneous injection under fluoroscopy guidance. Table 4 Prognosis of unresectable pedunculated and nonpedunculated hepatocellular carcinomas.
Pedunculated, %
(n = 25) Nonpedunculated, % (n = 60) P and local ablative therapies should be subsequently employed. [12] [13] [14] [15] 22] Clinically, local ablative therapies are usually performed under imaging guidance by means of percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA). PEI can cause complete necrosis of small tumors, but is not suitable for large tumors, particularly those >5 cm, because larger tumors fibrous structures in the tumor interstitial spaces separate and limit wide diffusion of anhydrous alcohol. [23, 24] In the present study, most tumor lesions were over 5 cm in diameter. Moreover, patients treated with PEI often experience intense pain during the procedure. It is also difficult to monitor whether the ethanol remains in the tumor by imaging methods, and the volume of ethanol used is typically quite arbitrary. Although only a few treatment sessions with RFA are required to achieve effective tumor necrosis, it may be difficult to perform, and is considered unsafe in some situations, including in masses that are not detected by ultrasound, and those located in the hepatic dome, in the subcapsular area, exophytic, or are surrounded by large vessels. [25] According to the unique localization and growth pattern of P-HCC, RFA is generally not suitable for treatment of P-HCC due to the rate of serious complications, such as pleural effusion, peritonitis, intestinal perforation, and tumor rupture. Also, RFA is expensive, limiting its application in developing countries.
Local ablation with high concentrations of chemotherapeutic agents may be potentially toxic to cancer tissue. However, direct injection of chemotherapeutic agents has not been practical in the past because the drug disperses rapidly into surrounding tissue and the systemic circulation shortly after injection. [26, 27] In the present study, percutaneous injection with CALE was used to achieve local ablation and supplementary therapy for the treatment of unresectable P-HCC after TACE. As previous reports, the portion of tumor that retained LP was considered necrotic when necrosis observed in pathologic specimens correlated well with the necrosis rate measured on CT, [28] [29] [30] and the degree of LP accumulation after TACE was associated with improved survival in patients with unresectable HCC. [30, 31] Accordingly, initial complete lipiodolization should be considered a relevant therapeutic target. We have also previously reported the feasibility and efficacy of this therapy for local ablation in the treatment of sacral chordoma and intermediate/ advanced HCC when TACE alone cannot achieve complete tumor necrosis. [17, 18] As a drug-carrying agent with a high viscosity, we speculate that LP accumulates in tumor lesions and cannot be easily drained into the blood. Also, CALE can be useful in tracing infiltration in tumors because the scope of its dispersion can be detected and used for image guidance. In particular, percutaneous CALE injection may be feasible for lesions that are Table 6 Cox regression analysis of prognostic factors for overall survival in patients with unresectable pedunculated hepatocellular carcinoma. close to the main portal vein, heart, hepatic dome, or intestine, or exophytic, where thermal ablation is not available. [17] Therefore, in the present study, percutaneous intratumoral injection with CALE was adopted if angiography demonstrated that injection of CALE could not be administered completely via an arterial approach, and imaging modalities verified defects or poor deposition of CALE in the tumor after TACE.
95% CI for hazard ratio
During percutaneous CALE injection, it is important to ensure that CALE is uniformly distributed throughout the entire tumor, and to limit leakage into nontarget areas. [18] Thus, multiple, accurate punctures are required for each procedure, and percutaneous injection must be performed under image guidance. [18] We suggest that fluoroscopy should be preferably used to guide injection because it allows simultaneous observation of the distribution of CALE after injection. Although a CT scan may accurately guide the puncture, it must be repeatedly carried out to decrease the risk of leakage of CALE. In the present study, CT scans were conducted to observe the distribution of CALE after each 2 mL of CALE was injected into the tumor. Moreover, the amount of CALE should be determined and controlled by realtime fluoroscopy or CT monitoring during injection.
During percutaneous CALE injection, CALE can leak into healthy tissues, such as the bile duct, draining veins, peritumoral tissue, liver capsule, and abdominal cavity. However, these drugs are naturally excluded from healthy tissues and thus do not cause significant damage, as shown in our previous reports. [17, 18] Despite the small sample size of this study, our results indicate that percutaneous CALE injection can be used for local ablation and supplementary therapy following TACE can improve survival of patients with unresectable P-HCC. The 1-and 2-year actuarial survival rates of 25 patients with unresectable P-HCC were 78.9% and 52.6%, respectively. In contrast, Horie et al [4] reported poor 1-and 2-year survival rates of 21 cases of P-HCC treated with TACE or TAI in Japan (55.0% and 19.0%, respectively). Our results suggest that TACE plus percutaneous CALE injection for P-HCC achieves greater survival than TACE or TAI alone.
Patients with P-HCC had larger tumors and a higher percentage of tumors >5 cm than those with NP-HCC. Although previous studies demonstrated that large tumors, particularly those >5 cm, were associated with poor prognosis and survival [11] in this study, overall survival was longer for the P-HCC than NP-HCC group, as was previously described for surgical treatment. [4, 6] The reason for this might be that P-HCC typically exhibits less vascular invasion than NP-HCC. Yeh et al also reported that P-HCC is more often well-encapsulated with less vascular invasion than NP-HCC. [6] In addition, patients with P-HCC required a higher median number of treatments than NP-HCC patients. During therapy, the hepatic reserve might be better in patients with P-HCC, enabling them to tolerate repeated TACE. [4, 6] Regarding the treatment and prognosis of P-HCC, surgical treatment of P-HCC may provide a more favorable prognosis than NP HCC. [4] [5] [6] However, Horie et al [4] reported that at least 42% of the 163 P-HCC patients died within 1 year. Furthermore, Moritz et al [5] reported that surgically treated patients with P-HCC usually died of metastatic disease. Therefore, timely treatment is essential to improve overall survival. In the present study, 9 patients had distant metastasis, primarily pulmonary metastases, adrenal metastases, and bone metastases, during the course of therapy. All received timely corresponding treatments, such as systemic chemotherapy, TAI, TACE, and isotope therapy.
Our conclusions are, however, limited by the scope of this retrospective study. As P-HCC is rare type of HCC, and more centers could not be involved, the sample size was relatively small. As the study was conducted over several years, the choice of equipment and materials was limited in the early cases. TACE for P-HCC requires a microcatheter for super-selective catheterization as tumor-feeding branches that arise from the extrahepatic collaterals are difficult to catheterize due to branching. These branches are usually of small caliber and form acute angles. However, in the early cases, a microcatheter was not used to perform super-selective catheterization, which may have reduced the curative effect. As we report treatment at a single institution, our results may not necessarily be applicable to other institutions. The retrospective design and small population size may have resulted in unforeseen bias. Therefore, our results should be validated in a larger prospective study.
In conclusion, we presented the clinical features and outcomes of 25 patients, with unresectable P-HCC and treated with TACE plus percutaneous CALE injection. We found that TACE plus percutaneous CALE injection was safe and effective for palliative treatment of unresectable P-HCC. The overall survival rate of patients with unresectable P-HCC was better than that of those with NP-HCC after treatment with TACE plus percutaneous CALE injection, but the prognosis remained poor due to the aggressive nature of the tumor.
